






LOCATING NEARBY CLOUD TO GROUND LIGHTNING FROM 











A thesis submitted in fulfilment of the 
requirements for the award of the degree of 






Faculty of Electrical Engineering 


















First of all, I am greatly thankful to Allah SWT for giving me the 
opportunity to conduct this study and ideas that comes with it. I would like to 
express my gratitude and thanks to my supervisor, Associate Professor Dr. 
Zulkurnain Abdul Malek for giving his valuable time, advice and continuous 
encouragement towards the completion of my project from beginning till the end. 
His patience is a virtue. 
Secondly, my appreciation goes to my family, who has been so tolerant and 
supporting me all these years. Thanks for their encouragement, love, and emotional 
support that they had given to me.   
  I also would like to extend my appreciation to everyone around me, 
those who taught me lessons in research and in life. This appreciation is also 
extended to those I have never met, but their knowledge is passed on to me through 
their publication, their contributions to whatever media available in the effort to 
promote knowledge. ‘Kudos’ to them and I wish to be able to contribute and have 






















 The lightning locating methods are applied to large areas with an array of 
sensors that is connected to a central computer, using either Time of Arrival 
techniques or Magnetic Direction Finding techniques, or both. However, a relatively 
significant error would be present in the assessment of ground flash density for a 
much smaller area due to the weaknesses of the location accuracy for smaller areas. 
This thesis introduces an alternative method of locating nearby lightning, which 
maximized the benefits of the induced voltages at terminated ends of an overhead 
conductor. It utilises the time differences to peak (∆tp) and percentage differences of 
peak voltages (∆vp), between lightning induced voltages (LIV) at both ends. 
Research work includes field measurements of LIV on ends of a 210 meter overhead 
conductor and computations of the same. Computation using established 
electromagnetic mathematical model programmed in C++ in time domain is 
presented and discussed. Results were validated against other researchers’ work and 
measurements. A parametric study from the model with varying parameters in 
inducing voltage at both ends is also presented. Further analysis shows that ∆tp and 
∆vp of the conductors were not significantly affected by the changes of the return 
stroke peak current, uniform finite ground conductivity, conductor’s intrinsic 
inductance and terminating resistances. The mathematical model was also extended 
to longer conductors (350 meter span ground wires and 5 mile distribution cable) by 
taking into account of the effects of finite ground conductivity and earth return 
current. The results thus support the applicability of the proposed method. It is also 
shown that measurement of the induced voltage at both ends of the overhead 
conductor, with particular attention to ∆tp and ∆vp enables the inference of nearby 
cloud to ground (CG) lightning location. The modelling work is currently limited to 
vertically aligned CG lightning, un-attenuated and undistorted lightning return 

















Kaedah mengesan lokasi kilat diaplikasikan untuk kawasan yang besar 
dengan tatasusunan penderia yang bersambung kepada sebuah komputer pusat, 
mengguna pakai samada kaedah Waktu Ketibaan atau Pencari Arah Magnetik, atau 
kedua-duanya secara serentak. Namun ralat yang agak ketara wujud dalam penilaian 
ketumpatan kilat ke bumi untuk kawasan yang lebih kecil disebabkan kelemahan 
kejituan pengesan lokasi sistem tersebut untuk kawasan yang kecil. Tesis ini 
memperkenalkan kaedah lain dalam mengesan lokasi kilat berdekatan, 
memanfaatkan voltan teraruh pada hujung pengalir tergantung yang ditamatkan 
dengan perintang. Ia menggunakan perbezaan masa untuk memuncak (∆tp), dan 
peratusan perbezaan puncak voltan (∆vp) yang teraruh akibat kilat (LIV) di antara 
kedua-dua hujung pengalir tersebut. Kerja-kerja penyelidikan termasuk pengukuran 
tapak LIV pada pengalir tergantung sepanjang 210 meter dan juga pengiraan 
berbantu komputer untuk pengukuran tersebut. Pengiraan berbantu komputer 
menggunapakai model matematik elektromagnet yang diiktiraf, diaturcara 
menggunakan C++ dalam domain masa juga dibentang dan dibincangkan. Hasil 
keputusan dari pengaturcaraan dibanding dengan keputusan dan pengukuran dari 
penyelidik-penyelidik lain. Kajian parametrik dari model pengaturcaraan dengan 
parameter yang berbeza-beza dalam mengaruhkan voltan pada kedua-dua hujung 
pengalir juga dibentangkan. Analisa lanjut menunjukkan bahawa ∆tp dan ∆vp yang 
dicatatkan diantara kedua hujung pengalir tidak berubah secara ketara dengan 
perubahan arus puncak lejang kembali, keberaliran tanah terbatas yang seragam, 
kearuhan hakiki pengalir dan juga nilai rintangan penamatan. Kaedah ini juga 
dilanjutkan kepada pengalir yang lebih panjang (wayar bumi 350 meter pada sistem 
penghantaran elektrik dan juga wayar pengagihan sepanjang 5 batu) dengan 
mengambilkira kesan keberaliran tanah yang terbatas (bukan infiniti) dan arus 
pulang melalui bumi. Keputusannya memberangsangkan sekali gus menyokong 
kebolehgunaan kaedah baru ini. Juga ditunjukkan bahawa pengukuran voltan teraruh 
pada kedua-dua hujung pengalir tergantung dengan perhatian khusus kepada ∆tp dan 
∆vp membenarkan anggaran lokasi kilat awan ke bumi (CG) yang berdekatan. Kerja 
permodelan ini terbatas kepada kilat CG yang menegak, arus kilat lejang kembalinya 
yang melalui saluran kilat tidak terlemah atau terherot dengan halaju yang seragam 
dan bebas gangguan. 
